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Since the time of Lister, and Indeed from the tin®
of Galen in the second century, much has "been written con¬
cerning the absorption of surgical catgut. For the absorp¬
tion of catgut and the use of catgut as a ligature and as a
suture material Ms been the centre of many a storm of
criticism and argument even to the present day. In the
earlier days of its widespread use as a surgical thread in
the first two decades of the present century jaost of the
criticism was directed towards its doubtful sterility} but
with the bringing of surgical catgut within the scope of the
Therapeutic Substances Act and the b.<pmovement by raanufoctur-
:ers of the sterilising methods, however, the sterility of
catgut of British and American origin is no longer disputed
and attention now focuses on that property of catgut -which
commends its use as a ligature and suture, namely, its
absorption by the body tissues.
Lister, while remaining the foremost protagonist of
its use, was quick to realise that an absorbable ligature
might have distinct, if not fatal, disadvantages 3hould
absorption take place before healing was far enough advanced.
Realising that the problem was analogous to the tanning of
leather, Ire eoq>eriiaented with various hardening agents, find-
Jing that chromic acid (Lister, 1881) and later chromium
sulphate (Lister, 1908) produced catgut strands that were not
only hardened sufficiently to resist absorption while normal
healing took place but were also easier to handle in that
they did not became so lirtp in the presence of body fluids,
Howes, in a series of studies frcsn 1928 to 19+1,
and Jenkins et al# (1937 to 1942) have dons much to set the
investigation of the problem of absorption on a rational and
scientific basis,
Howes related the loss in tensile strength of the
catgut suture to the gain in tensile strength of the healing
wound and pointed out the absurdity of using stronger sutures
than were necessary to hold the edges of the wound together
during healing. He also pointed out many factors such as
sepsis, inflammation, poor haemostasia, etc, which can. have a
very marked effect on tlie rate at Tiiich catgut is absorbed in
a woitnd,
Jenkins surveyed the absorption in living tissues
of the various brands of surgical catgut on the American
market and pointed out the wide variation in properties of
the various brands of catgut and demonstrated the fallacy of
labelling catgut with an absorption time such as "10 day",
"20 day" or "40 day", Jenkins appreciated the need for
standardisation of the absorption rate by the various manu¬
facturer's and attempted to correlate the absorption in vivo
with the resistance in vitro to a proteolytic enzyme such as
«. 8 »
pepsin.
Other workers, e.g. Kraissl et al. (1934 to 1938),
Holder (1946) and Sizer (1945 and 1949), have modified and
developed this technique and have used other enzymes such as
trypsin and papain, but the fact that there are still no
official standards in the U.S.A. and in Great Britain, only
emphasises the fact that, whereas these in vitro tests may
serve a very useful purpose in controlling the absorption rate
of the catgut produced by one manufacturer, there is not
necessarily any correlation between these results and the
results obtained on catgut prepared and sterilised by a
different process.
Jenkins (1937) also appreciated the many corplicat-
ting factors -which may influence the absorption of a suture in
a surgical wound. Indeed, in this paper, entitled "A
Clinical Study of Catgut in. Halation, to Abdominal Wound
Disruption", he discusses more than a dozen factors which may
contribute to wound disruption covering surgical technique,
the metabolic state of the patient, and the nature and
imperfections of the suture material.
It seemed, therefore, that there was a need for an
in vivo test for absorption rate which would be uncomplicated
by the variables of wound healing, tension and knot tying and
which would utilise small laboratory animals of a uniform
strain, which would be within a comparatively narrow age and
weight range. Howes and Jenkins and their co-worioers used
dogs as the experimental animals and, whereas the metabolism
of dogs may approximate more nearly to that of human subjects,
it is difficult and expensive to obtain adequate numbers of a
uniform strain necessary for routine tests.
Holder (194-6) used the rabbit as the experimental
animal and recorded the number4 of stitches in the lumbar
muscle breaking when subjected to traction of 450 g» applied
by means of a spring balance. The time taken for the aajor-
siiy of the stitches to be reduced to a holding power of less
than 450 g» was suggested as the "end point" of absorption.
This conception of the "end point" was a considerable advance
on the rather vague "duration of tensile strength", i.e. the
time taken for reduction to aero strength, suggested by
Jenkins (1942) who calculates this time fx-een the assunption
that the rate of loss of tensile strength is always constant.
Holder* s method of in vivo test, therefore, gives us a good
qualitative method for segregating different types of catgut
into three groups, corresponding roughly with the U.S.P.
designations "Plain", "Helium Ohraaic", and "Extra Chromic".
It offers, however, very little information of a quantitative
nature on the rate of loss of tensile strength from day to day
as absorption proceeds.
Madsen (1953) developed a method of test essentially
similar to that of Holder but attempted to standardise the
tension with which the suture was tied. His main interest,
•*
however, seemed to lie in the holding power of the tissues and
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of the knots and the types of catgut used are not the types
mrsaally used in Great Britain or in the H.S.A. and con¬
sequently his results have little information to offer.
Siaer (1%5) appreciated the need for a quantitative
approach to the rate of absorption and Iqplanted catgut in the
subcutaneous tissue of rabbits and frogs, withdrawing implants
at various time intervals and testing the tensile strength on
a reliable standard tensiometer after washing and drying the
implants, Douglas {!%$) used a similar method with non¬
absorbable sutures. She main defect in this method is that
the suture material tends to be encapsulated by fibrous tissue
and is difficult to remove without damage} also no attempt
was made to prevent untwisting, the importance of which was
strongly emphasised by Holder {1%&)*
It can be seen, therefore, that, although much
excellent and fundamental work has been done in this field,
much regains to be done before the absorption of surgical
catgut is fully understood and tare various factors involved
folly investigated. The purpose of this introduction has
been to emphasise the limitations of the work already done and
to suggest the factors which need to be considered in devising
an in vivo test for absorption,
Tiie limitations of the work summarised above seem to
be the following!—
1, Insufficient attention seems to have been paid
to the intrinsic variability of the properties,
— 11 -
especially the tensile strength of catgut -which
is a biological product and, therefore, subject
to normal biological variation. As a con¬
sequence many of the results obtained are of
doubtful statistical significance,
2. The unreliability of spring balances and other
manually operated tenaiometers lias not been
sufficiently appreciated* Such factors as the
rate of application of the load and, very
©specialty, the moisture content of the suture
have a very marked effect on the result obtain-
Jed, In this connection, the practice of
drying the suture before testing is not only
unrealistic, but very difficult to carry out
with any degree of reproducibility,
3, Most of the work has been done on the larger
laboratory animals such as rabbits and dogs
which are not normally as uniform genetically
as rats which have the added advantage that
they can be used and stored in much larger
numbers,
km Generally speaking! the absorption problem has
not been sufficiently divorced from the problems
of wound healing and the problems of surgical
technique, such as knot tying and the tension
required to hold lire wound together. It seems
12 -
that the first essential is to investigate the
absorption of catgut apart from these camplicat-
sing factors and then to consider the effect of
these factors once the normal absorption be¬
haviour has been established#
The Criteria for a Satisfactory in vivo Absorption Test
Tli© need is established, therefore, for an in vivo
test for absorption of surgical catgut that will give a
quantitative, statistically significant, indication of the
rate of loss of tensile strength of the suture material in
living tissues# Such a test should have the following
characteristicss-
1# The technique should be relatively quick and
simple and should be suitable for use in fee
muscle tissue of rats, but adaptable for use in
other tissues and other animals such as rabbits,
cats, guinea pigs, hamsters and dogs#
2, The implant should be protected from the action
of fee tissues except for a standard, length#
Tlris protection is especially important where
the implant emerges from the fascia where tirere
tends to be a mechanical shearing action as
well as fee biochemical action of fee tissues.
3, The catgut implant should be prevented from un¬
twisting and should not be under tension#
4# The test for tensile strength should be done
- 13 -
either (a) without removal tram the animal, or,
if this is not practicable, (b) imediately
after removal, or after storage for a limited
length of time in such csonditions as will
prevent changes in the moisture or fluid content
of the catgut* Koirioval from the animal should
he effected without damage to the suture
material*
5* The test for tensile strength should be done on
a standard powex-driv©a tensiacjeter*
6* The animals should not be used again for
absorption tests*
The Purpose of the Present work
The purpose of this work is, therefore:-
1* To devise a standard technique for testing the
rate of absorption of surgical catgut, bearing
in mind the criteria listed above,
2* To study the histological changes accompanying
absorption*
3* Using selected batches of catgut, to study:-
a* the difference in behaviour
between plain and chromic catgut*
b. the effect of the diameter of the
suture*
c* the effect of sex and body-weight
of -Che experimental animals*
• 14 m
h* Having established the normal absorption
behaviour of the catgut to investigate j
a* the effect of an incision in the
muscle tissue.
b. the effect of sensitization by a
previous inplant of catgut.
c. the effect of alteration of the
body temperature of the animal.
cL the effect of isolating the
implant from body cells but not
from body fluids.
5. To study in vitro the effect of various fluids
and enzymes on the tensile strength of catgut.
(THE PREPARATION AND HKEBHHES OP BBS CATGUT
trgED w thise sTUDias
The method of preparation and the method of
sterilisation of surgical catgut are the major factors deter¬
mining the resistance of the finished suture to absorption by
the body tissues. It is important, the ire fore, to specify
these methods in any experimental work dealing with the
absorption of catgut. The following is an outline of the
processes used in the preparation of the catgut for these
studies.
The catgut Yiac prepared by normal commercial
practice from a single lot of sheep intestines, all of similar
origin.
The subrnucosa ms separated from the unwanted layers
by soaking in dilute soditaa carbonate solution, splitting into
ribbons and scraping mechanically. After looping several
ribbons together, the number of ribbons in each strand depend-
sing on the size of catgut required, the ribbons that ■were to
be ms.de into medium chroraic catgut were chromicised by soaking
in a solution of chromium sulphate of approximately 33/2
basicity.
The strands were then twisted and dried under
tension and, in order to eliminate diameter variations,
'
polished according to U.3# Patent No. 2,355,970, giving a
uniformity of diameter of + 0.005 mm.
The catgut so produced was then cut up into 4tt
lengths for tensile strength irplants, and into 10" lengths
* 16 «*
for histological implants. Straight, round bodied l£> vm
eyeless needles were attached to the latter.
She 4" lengths were thoroughly reined together in a
large "boot to effect ratidoirdsation and so to 2dnind.se the
effect of variation in properties from. strand to strand.
Sen 4" lengths or two 10" lengths were placed in
each glass tribe and sterilisation effected by first drying the
sutures in a hot air oven and then heating in an anhydrous
petroleum fluid at a temperature of 155°C. for 1 hour.
After draining off the petroleum, tire sutures were
covered with sterile 90y isoprqpyl alcohol and the gLass tubes
hermetically sealed. Pull aseptic precautions weie taken
during all operations taking place after sterilisation.
Random samples of each size were tested for
sterility at this stage and were found to be sterile.
The catgut thus prepared \m3 similar in preparation
and properties to tire bulk of surgical catgut manufactured
eoianercLilly in Great Britain and in the united States of
Axoerica. The plain gut corresponds to that designated "Type
A" in the U. S.P. and the medium chromic to that designated
•^e C".


































































It ms first attempted to devise a test in which
the suture could he tested for tensile strength without
renewal from the animal and in which the ends of tlie implant
were protected by polythene tubing.
Two small transverse incisions -were made about 4 cm.
apart at either end of the lumbar muscle (fig. t, p. 3D). A
large hypodermic needle with a bore slightly greater than the
diameter of the polythene tubing ms passed through one
incision into the muscle and out tlirou^i the other incision.
The catgut, sise 3/0, with its polythene protectors, as pass-
:ed through the needle and the needle withdrawn. leaving the
implant in the muscle (fig. 2, p. 3D). The incisions were
closed with sise 3/0 noji-capillary silk and the polythene was
anchored to the skin with the same suture material.
This method vas unsatisfactory in that it was found
that manipulating the animal into a suitable position on the
tensieeaater usually subjected the suture to considerable
strain. The protruding ends of the polythene tubing also
seemed to be a source of Irritation to the rats and it was
found, impossible to stop them biting the Implants. The
looseness of the skin was also a drawback in anchoring the
implants.
It ms, therefore, decided to concentrate on devis-
:ing a technique that would facilitate the removal of the
implant from the animal without damage to the suture, rather
than on trying to test the tensile strength of the implant in
- 20 -




Shis ms accomplished by first tlireadiag the catgut
through a piece of sterile polythene tubing cut as in fig, 3
(p. 22). (She polythene was sterilised by the method out¬
lined in Appendix 1. ) A longitudinal incision about 4 cm.
.
long was made in the prepared slcia of the rat over the lumbar
vertebrae and the subcutaneous connective tissue broken down
v ...... .
by blunt dissection in the lumbar area (fig. 4» P* 22).
She iisplant with its polythene protector was then
inserted in the lumbar muscle as before and anchored by two
silver haemostasia clips. Two such implants were made in
each lumbar muscle and the skin closed over them by means of
3/0 non-capillary silk (figs. 5 and 6, p. 23). Shis
technique seemed to satisfy all the criteria suggested in the
previous chapter, namelyi-
1. She technique was particularly suited to the
1 m 'k *
use of rats as the experimental animal but
could be freely adapted for use in rabbits,
guinea pigs, hamsters, cats, dogs, etc. if
necessary,
2. The implant was readily removable without
damage to the suture and could either be tested
immediately or stored for a limited period
between chirp gauze.
3. A standard length of suture was exposed to the




CATGUT IMPLANT WITH POLYTHENE PROTECTOR
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DIAGRAM SHOWING FLEXION OF LUMBAR
MUSCLE AND INSERTION OF HYPODERMIC
NEEDLE
Fig. 5
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suture to be gripped by the clamps of the
tensiometer.
4. The haemostasia clips prevented untwisting of
the catgut.
5. The tensile strength could be measured
accurately on a standard tensicsaater.
6m The implant was not irritant to the animal and
there was little chance of the implant becoming
infected from external sources.
In order to facilitate the insertion of the
hypodermic needle an operating table was made of 3/16"
"Perspex" over -which the rat could be flexed in the lumbar
region (figs. 7 and 8, p. 25). The hinged flap was added to
the table so that the animal's head might be kept raised,
except when the needle v&s actually being inserted, as it was
found that if the animal's head were kept hanging downwards
for a prolonged period asphyxiation frequently took place.
A needle holder was also designed to make manipula¬
tion of the hypodermic needle easier, an! was constructed from
a pair of large Spencer-.,ells forceps. The forceps were cut
short and drilled as in fig. 9 (p. 26).
Standard Technique
The standard tech nique of implantation in these
studies was, therefore, as followsj-
1. Albino Wistar rats having body-weight in the
region of 150 to 250 g» were used.









DIAGRAM OF HYPODERMIC NEEDLE HOLDER
Pig. 9
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2. The ratw anaesthetised with ether and the
skin covering the lunhar region prepared "by
shaving and swabbing with 1% alcoholic iodine
solution.
3. The rat ms placed on the table with the "flap"
raised.
k* Using full aseptic precautions a longitudinal
incision about 4 cm. long was made in the skin
in the aid-line above the lu bar vertebrae.
The skin was retracted and the surrounding
subcutaneous connective tissue broken down by
blunt dissection.
5. The table "flap" was then lowered, if necessary,
and a hypodermic needle of slightly more than
1 mm. bore inserted longitudinally through the
lumbar muscle, taking a "bite" of about 2 cm.
and having a depth in the centre of the "bite"
of about G»5 can.
6. A piece of catgut threaded -through a £jiece of
sterile polythene tubing, having a section 1
can. long cut out of the middle as in fig. 3
(p. 22) was then passed through the needle and
the needle was withdrawn, leaving the polythene
tube and catgut implanted in the muscle. Two
such implants were made in each lumbar muscleJ
nnking four implants in each rat.
- 28 -
?• The polythene tube was then anchored by fixing
a silver haemostasia clip fi»aSy on the tube
where it entered and emerged from the muscle.
8. The skin was then sutured with sis© 3/0 nan-
capillary silk and swabbed with 1/ alcoholic
iodine solution.
9. After the survival period the animals were
killed with chloroform and after removing the
silver clips, the implant ms gently withdrawn
and placed between layers of gauze damped with
normal saline solution and tested for tensile
strength within 2 hours according to Appendix
2.
(N.B. The gauze ms damped sufficiently to
maintain the humidity of the suture but not
sufficiently to soak it. )
ABSORPTION OF CATOTT UNDER NGHVAL CONDITIONS
■ 0Q0 —-«—
The, .Absorption Behaviour of Plain and Medium Chromic .Catgut
Size 3/0 catgut ms selected as the most suitable
size with which to work during these studies for the following
reasons**
It was easy to manipulate and was not too bulhy
an implant.
The tensile strength measurements were of such
an order that they all came within the 0 to 5 lb.
range of the tensiometer.
Size 3/0 is one of the most used sizes in the
surgical profession.
The object of this experiment was to produce graphs
showing the decrease of tensile strength with time and it was
decided that each point on the graph should represent an
average of 20 tensile strength measurements in order to obtain
a figure that was statistically sound. This, therefore,
involved the use of five rats, each with four inplants, for
each survival period.
The following survival periods were used;-
Plain 3/0; 1, 2, 3, 5, 7, 10 and 15 days.
Medium Chromic 3/0: 1, 2, 3, 5, 7, 10, 15, 20, 25
and 30 days.
The catgut was implanted and its tensile strength
measured according to the standard technique described and
- 30 -
the results shown in Table II obtained.
TABLS II - Loss in strength in vivo of plain and medium

















2 1.15 78 1.57 95
3 1.07 72 1.61 98
5 a 75 51 1.66 100
7 0.45 30 1.48 89
10 O.46 31 1.48 89
15 0.27 18 1.20 73
20 •# m 0.87 53
25 # - 0.44 27
•
30 - m 0.20 12
Init. Str. 1.48 Kg. Init. Str. 1 . 66 Kg,
14 B» The "initial tensile strength" is the average tensile
strength of the catgut after soaking in plasma for
24 hours according to the technique described on page
79.
These results axe shown graphically in figs. 10, 11
and 12 (pp. 31 and 32).
Pig. 10 (p. 31) shows the tensile strength of plain catgut
plotted against the time and it can be seen that the tensile
strength falls off rapidly during the first 7 days and "that
the curve is the typical shape of a logarithmic relationship.
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logarithm of the time and the points show a good approximation
to a straight line. The "best straight line" was fitted to
these points by the method of least squares.
Fig. 12 (p. 32) shows the tensile strength of medium chromic
catgut plotted against the time and it can be seen that the
tensile strength is almost unchanged for about 5 days and
thereafter declines almost linearly with time.
The normal behaviour of the size 3/0 plain catgut in
muscle tissue, therefore, is that the tensile strength
declines in proportion to the logarithm of the time, reaching
aero strength in about 21+ days. There seems to be a very-
brief period of about 1 day in which there is no loss of
tensile strength. The time taken for the reduction of the
tensile strength to half its initial value is approximately
5 days.
The normal behvaiour of the size 3/0 medium chromic
catgut in muscle tissue is that the tensile strength is
virtually unchanged for about 5 days and thereafter declines
in direct proportion to the time, reaching zero strength in
about 34 days. The time for reduction to half the initial
strength is approximately 20 days.
It may be noted that, although the tensile
strengths of plain and medium chromic catgut were virtually
the same when measured "dry" directly from the tube, the
strength of the medium chromic catgut was about 12$ higher
than that of" the plain catgut after both had been in contact
-5k-
mth plasma tor 2k hours; so that in aotual use medium
chromic is stronger than plain catgut of equivalent size.
- 35
the Effect of the Diameter of the Catgut
Four different sizes of catgut in plain and medium
chromic catgut were used in these experiments, the diameters
of which are shorn in Table III below,








Implants were made by the standard technique, size 2
catgut requiring polythene tubing of 1 mm, bore instead of the
normal 0,5 mm. bore, (See Mote at the end of clmpter. )
The results for size 3/0 had already been determined
in the previous experiments.
The following survival periods were used:-
Plain 5/0« 0 and 2: 1, 2, 3, 5* 7, 10 and 15 days
and in addition sizes 0 and 2 had periods of 20 and 25 days,
redium chromic 5/0, 0 and 2s 1, 2, 3, 5, 7» 10, 15»
23, 25 and 30 days and in addition sizes 0 and 2 had periods
of 35 and 40 days.
Tables IV and V show the results obtained and these












































































































































































































































EFFECT OF DIAMETER ON THE
ABSORPTION OF PLAIN CATGUT
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Fig. 13 (p. 38) shows the "Percentage of Initial Strength" of
various sizes of plain catgut plotted against the logarithm
of the time, the best straight line being fitted to each set
' I
of points. (The points have been omitted from the graph for
the sake of clarity. ) The slope of the curve is similar in
all cases but in the case of the thicker sizes there appears
to be an "induotioa period" of 2 to 3 days.
Fir:. 14 (p. 38) shows the "Percentage Initial Strength" of
various sizes of medium chromic catgut plotted against the
time and it can be seen that all the curves are almost iden¬
tical.
Table VI shows some of the data that may be deduced
from these experiments.
TA31E VI - Summary of some absorption characteristics of











...ii miime ...in. u.ijirijiHi..■...k...j i.ii .ii.
Plain 5/0 Less than
1 day.
13




Plain 2 2-k 7 22
Medium Chromic 5/0 3 19 36
Medium Chromic 3/0 5 20 3k
Medium Chromic 0 2 18| 35
Medina Chromic 2 k 19& 35
- Ifi
The absorption of plain and medium chromic catgut
followed the same pattern in all four sizes. The absorption
of plain catgut again exhibited the logarithmic relationship
mth time* The size 5/0 plain had practically no induction
period and was rapidly absorbed reaching zero strength in
about 15 days. She other sizes only differed in the length
of the induction period, all reaching zero strength between
22 and 28 days.
The medium chromic catgut showed a very striking
degree of ur&foraoity from size to size as seen from fig, 14
(?• 38) and Table VI, all being reduced to half strength in
about 19 days and to zero strength in about 35 days.
MOTS
Vlhen this experiment was carried out (1952) the
range of sizes of polytliens tubing was very limited, there
being no intermediate sizes between 0.5 mm. and 1.0 am. bore.
A fuller range of sizes is now available (1955).
It is possible that in the case of inplants of
size 5/0 and size 2 that more than the "standard length" of
catgut (p. 12) was exposed to proteolytic action because of
infiltration of fluids and cells into the comparatively wide
space (0.17 Em.) between the catgut and the polythene wall*
In order to test the validity of the previous experiment the
following experiments were performed*
1* Lengths of plain catgut, size 5/0 and size 2,
with their polythene protectors, were placed
• 41 »
between gauze pads which had been liberally
soaked in plasma coloured with methylene blue.
Result: In all cases the fluid was dram by
capillarity into the tribe between the catgut
and the polythene mil*
Implants of size 5/0 and size 2 plain catgut
were made in normal rats* 2^. hours before
killing a subcutaneous injection of 1*0 ml. of
0*06/ hvans* Blue solution in normal saline
was made in the lisabar region. Survival
periods of 1 day and 5 days for size 5/0 and
1 day and 10 days for size 2 were used and
four rats for each survival period* After
removal tire implants were examined for the
presence of colour, fluid and cells*
Results
a* After 1 days The ends of the
polythene implant as far as the
silver clip contained a certain
amount of blue fluid* In the
portion of the implant between the
clips there was no blue fluid but
there was a certain amount of blood
and traces of cellular material
attached to the catgut inside the
polythene tube.
■» 2^,2
b* After 5 days (size 5/0) and 10 days
(size 2): The blue dye did not
permeate to any part of the implant.
There ms loose growth of cellular
elements not only over the "standard
length" but inwards into the
polythene tube*
Inplants of size 5/0 and size 2 plain catgut
were made in normal rats and removed after 5
and 10 days in the case of size 5/0 and 10 and
15 days in the case of size 2* Four rats
were used for each survival period* After
removal of the implants from the animal the
catgut was very carefully withdrawn from tire
polythene protector and examined micro¬
scopically to determine the extent of actual
physical attack*
Results; In all cases, although considerable
cellular material and fluids bad infiltrated
into the space between the catgut an! the
polythene wall, the actual attack of the cat¬
gut itself was limited to the area eaposed to
the tissues at the cut-away portion of the
polythene tube*
Figs* 15 and 16 are photographs of the
polythene tube and its catgut insertion
- 43 -
Fig* 15i Size 5/0 Plain Catgut and its
Polythene Protector after 10 Bays
Fig* 16 j Size 2 Plain Catgut and its
Polythene Protector after 15 Days
- 44 -
shoeing that erosion of the catgut ms
confined to that area whioh ms expooed to
the tissues through the cut-assay portion of
the polythene tube*
Conclusion
lllill III I III ll~II l»I Iit
These experiments demonstrate that tie protection
afforded by the rather over-size polythene protectors in the
previous experiment ms adequate*
— 45 *•
The Effect of the Sex of the Animal
It was not possible to use animals all of the same
sex in these studies and the males and females wre not
distributed in any orderly manner throughout the experiments.
The sex of each animal, however, was noted at post-mortem
examination and any possible effect of sex on the absorption
rate investigated by means of a statistical analysis (see
Appendix 4).
when the male and female groups were considered
separately relative to the regression equation they were
found to differ significantly fran each other in respect of
the scatter of the tensile strength results but not in
respect of the average tensile strength, the results from the
male rots being more -widely scattered than those from Hie
female rots in "both plain and median chromic experiments.
The effect on the final result was, therefore,
negligible, but there might be added precision if only female
rots were used.
■» lj.6 •
She Effect of Body Weight
She body-neijits of the animals varied from about
120 3. to 4,50 g. » the majority being in the range of 150 g*
to 250 q, A statistical analysis of the factors of time,
tensile strength and body-weight shooed that in the case of
the absorption of plain catgut there m.s no significant
effect of body-Tseight. In the ease of the absoiption of
medium chromic catgut, however, there did seem to be an
apparent decrease of absorption rate with increased body-
mlgit which appeared to be significant*
It was felt, in this case, that there migjrt be
other factors involved, e*g» a slight difference in the
strain of rat, which were not allowed for in the analysis of
the results.
* 47 -
She Precision of the I'ethod
Variability of Measurements
It would be expected that the tensile strength
measurements of the implants would become less widely
scattered as the average strength decreased. In actual
fact, however, -there was no evidence of this until the
average strength fell below about 0.75 %&• Above that, the
scatter, as reflected by the variance, appeared to be
independent of tire average strength.
The Accuracy of Measurement of Absorption Tine
It has already been stated that, in the case of
plain catgut, there is a direct relationship between average
tensile strength and the logarithm of the time.
Tire relationship between time and tensile strength
is not quite so simple in the ease of medium chromic catgut.
Probably the curve produced when average tensile strength is
plotted against time is an S-shaped curve, and a parabola
also fits the points quite well. For practical purposes,
however, a curve showing an "induction period" followed by a
straight line is a sufficiently accurate representation,
especially in the middle portion of the straight line.
The accuracy of measurement of tire time for reduc¬
tion of the tensile strength to 5Qg of its original value was
considered to be the most useful figure to determine as it
was intended to express absorption time in these terse.
— 48 »
The time for reduction to 50$ strength was read
froia the appropriate graphs of tensile strength plotted
against time (see Table VI),
The standard deviation of the average strength for
this time was calculated for each size and the range of
tensile strength to include 19 out of 20 determinations of
the average strength calculated from the standard deviation.
The range of time corresponding to this range of tensile
strength was then read from the appropriate graph.
The results are shown in Table VII,
The accuracy varies a little from size to size but
is of the order of +2^ to -ig~ days for most sizes of plain
catgut and of the order of ± 3 to 4 days for medium chromic
catgut.
TABLP,YII-Accuracyofmeasurement50/absorptionti TypeSizeStandardDeviation oftheav.ensile strength(Kg,)
Rangetoinclud 19outf20 averages(Kg.)
Timefor50/ Absorption (days)

















































ABSORPTION OP CATGUT UNDER ABNORMAL CONDITIONS
oOo
The Offset of an Incision in the IJuscIe
This investigation was dons concurrently with the
experiments descr bed on pages 29 - 3k- using size 3/0 plain
and iredium chromic catgut and the results obtained in that
experiment, therefore, served as "controls" for this one.
The technique used was the standard technique
previously described with the difference that an incision was
made transversely in the lumbar muscle involving about two
thirds of the cross sectional area of the muscle (figs. 17
and 18, p. 51 )• After implanting the catgut in the visual
way the incision -was closed by suturing the fascia very care¬
fully with interrupted sutures of size 5/0 sillc attached to
16 ma. curved triangular eyeless needles.
The results are sumrarised in. Table VIII, and
expressed graphically in figs. 19 and 20 (p. 52), the "best
straight line" being calculated for each set of results.
It will be seen that the curves for "intact" and "incised"
muscle are almost identical both for plain and medium chronic
catgut. It may, therefore, be concluded that the presence
of an incision by itself does not significantly affect the
absorption behaviour of catgut.
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EFFECT OF AN INCISION ON THE
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The affect of "Catgut Sensitisation"
Opinion is very sharply divided as to whether
catgut sensitisation really exists, Kraissal et al, (1933)
reported that sensitisation to catgut, catgut extract, and
chroiaic acid could be produced in guinea pigs, resulting in a
marked increase in the incidence of wound disruption and in
abnormal healing of wounds with premature absorption of the
catgut, in the sensitised animals. Skin tests on patients
whose wounds had disrupted showed that 14>- of these were
sensitive either to catgut extract or to chromic acid and it
was suggested that a history of allergy or a previous opera¬
tion in which catgut had been used might be a factor in the
incidence of wound rupture in some patients.
Langston (1942) made similar skin tests, using
similar catgut extracts (including extracts from iodine
sterilised catgut) and came to similar conclusions. Hoops
(1944)# in a series of studies, demonstrated that catgut and
sheep serum produced hypersensitivity in rabbits and guinea
pigs, shown by skin reactions and production of antibodies.
He found that there was evidence of greater tissue reaction
to catgut in the case of sensitised animals but that there
was no appreciable difference in absorption rate between
sensitised and non-sensitised animals during the critical
period of healing and no significant difference in the rate
of healing in wounds repaired with catgut. The absence of
• 55 -
a significant difference he attributed to the relative in¬
solubility of catgut.
On the other hand, Piekrell and Clay (1944) fhiled
to produce sensitisation in rabbits or guinea pigs and failed
to produce anaphylactic shock in "sensitised" guinea pigs.
Their serological tests for specific antibodies were negative
and they case to the conclusion that catgut merely acts as a
foreign body. They also found no evidence of allergy in 35
cases of wound disruption.
Howes (1940) goes so fax as to refer to the "myth
of catgut allergy".
In spite of the conflicting evidence there does
seem some justification for assuming that catgut sensitivity
or, at least, sensitivity to some impurity in catgut does
exist and that the effect of sensitisation is worth imrest-
sigating in relation to the rate of absorption.
In a preliminary experiment in which a short length
(about 5 or 6 cm. ) of catgut was inplanted in the lumbar
muscle 21 days before the usual implant of plain catgut was
made, the results shown in Table IX were obtained.
Although the difference between the normal and
"sensitised" animals was small and probably not of sufficient
statistical significance to prove axything, it was sufficient
to show that a significant difference might possibly be ob¬
tained using a larger quantity of catgut for the sensitising
implant.
«. 56 —
TABLE IK - The effect of "catgut sensitisation" on the loss














1.48 100 <D» •
2 1.15 78 1.23 86
3 1.07 72 1,00 68
5 0.75 51 0,55 37
7 0.45 30 a47 32
10 0.46 31 0.12 8
15 0.27 13 a 07 5
*Sach figure is the average of 20 determinations.
In the following experiments, therefore, the
sensitising implant consisted of 2 coils, about diameter,
each consisting of a 30" length of catgut. These Implants
were inserted in the subcutaneous connective tissue over the
gluteal muscles. 21 days later the usual implants fox-
tensile strength measurements wore made.
Statistical advice here (Dr. B. Woolf - personal
communication) indicated that greater precision would be ob¬
tained, as a straight line relationship had already been
established, by using fewer survival periods (only 2 would
be necessary) and a larger number of animals for each
survival period, provided that the "control" results so ob¬
tained did not differ significantly from the results obtain¬
ed in the first experiments.
- 57 *
Implants of plain and medium chromic catgut were
used for the sensitising implants and their effect on the
absorption rate of both plain and medium chromic catgut (size
3/G ) was investigated. Ten animals (i.e. 40 tensile
strength measurements) vjere used for each survival period.
The results obtained are shown in Table X and
expressed graphically in figs. 21 and 22 (p. 59).
when compared with the "controls1*, the absorption
rate of plain catgut in animals which had been sensitised
with plain catgut was increased. This increase in absorp¬
tion rate was significant at the 0.05 level.
The absorption rate of plain catgut in animals
sensitised with medium chromic catgut and of medium chromic
catgut in animals sensitised with plain catgut was not
significantly different from that of the "controls".
The absorption rate of medium chromic catgut in
animals sensitised with medium chromic catgut, however, was
decreased, the difference from the "controls" being
significant at the 0.01 level.














































EFFECT OF CATGUT SENSITISATION
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THE EFFECT OF CATGUT SENSITISATION





\ \ SENSITISED WITH MEDIUMv CHROMIC CATGUT
Fig. 22
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The Effect of Alteration of Body Temperature
It seems logical to assume that the mechanism of
absorption of surgical catgut is essentially an ensyme re-
laction, for, even if the presence of living cells is shown
to be necessary for the absorption process in vivo, it is
difficult to conceive a purely mechanical process of
dissolution of such a large foreign body as a catgut suture.
If this is the case, in common with other ensyme reactions,
the tenperatune at which the reaction takes place will play
a major part in determining the velocity of the reaction.
Siser (1945) implanted catgut and other collagenous
sutures in the subcutaneous tissue of frogs and kept the
flogs in baths of different teriperature from 1.5°G* to 35°C.
and found that absorption vjas more rapid at high temperatures
than at low turtlenatures. Ho attempt was made to use a
warm-blooded animal.
In the following experiments the body teirpenature
of the rats was lowered by keeping the animals at a room
terrpenature of about 15°C. after two subcutaneous injections
daily of 5 mg. clilorprarmzine hydrochloride. The response
varied from animal to animal; one or two animals reached
temperatures as low as 25°C., others only about 35°C» The
average temperature throughout the experiments was about
30°C, i.e, a fall in temperature of 8°C»
- 61 -
Attempts to raise the body temperature by 3 or 4°C.
by various methods (e.g» by injection of dinitrophenol, by
injection of tetraiiydro-yj1 -rBphtlg/lariirie, or by keeping the
animals in an air temperature of 1.2°0, after injection of
cSiloiproiDasine) met with no success and it seemed impossible
to keep a rat at a high temperature for more than an hour or
two.
Table XI shows the results obtained from implants of
plain 3/0 catgut in cooled rats and in normal rats.
TABIE XI - The effect of lowered body temperature on the
absorption rate of catgut in vivo.
Body Temperature






i * ■' 1
0.65
1.14
^Kach figure is the average of 40 determinations.
These results are shown in graphical form in fig.
23 (p. 62). The size 3/0 plain catgut implanted in the
cooled rats showed a marked decrease in absorption rate which
was significant at the 0.01 level.
The time taken for the tensile strength to be
reduced to half its original value was increased fran about
6 days to about 35 days.
In view of the difficulty and un&esizability of
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The Effeot on the Tensile dtxeqgth of Catgut
of Tissue hluids Isolated from Tissue Cells
This experiment was designed to determine whether
catgut is absorbed by tissue fluids in the absence of
cellular elements.
The apparatus ms designed so that the catgut «s
in close proximity to the cells but separated from them by a
membrane which allowed fluids to pass through. The
apparatus (fig. 2k, p. 65) consisted of a chamber made from
two "Perspex" rings, each supporting a diaphragm of
"millipore" filter membrane. (Hotes "hillipore" filter
membrane has similar properties to that described by Goetz
and Tseuneishi (1951) and is capable of retaining particles
of 0. 2 microns diameter on the surface. The technique of
using such a membrane to make "diffusion chambers" to ess-
elude tissue cells from implants in animals was devised by
Algire (1955).)
The "Perspex" rings and diaphragms were sterilised
by autoclaving at 15 lb./sq. in. steam pressure for 15
minutes. Pour 3" lengths of plain catgut, size 3/0, were
made into a coil about 10 mm, in diameter and placed in the
cavity formed by cementing two rings together by means of a
cellulose acetate cement. This formed a snail chamber in
which the catgut implant was isolated from the tissues
themselves but which was permeable to tissue fluids.
65 -
0-65 mm.
DIAGRAM OF CHAMBERS USED TO ISOLATE THE CATGUT
IMPLANT FROM THE TISSUE CELLS .
Pig.
LONGITUDINAL SECTION SHOWING POSITION OF IMPLANT
IN THE LUMBAR MUSCLE.
Pig. 25
m 66
"Control" chambers viere made by substituting fine
nylon mesh (33 meshes/era.) for the "millipore" filter
membrane.
One "control" cliarnber and one "millipore" chamber
were implanted in each animal in the position shown in fig.
25 (p. 65) and fig, 26 (p. 67),
Five animals were used for each of the following
survival periods - 2 days, 5 days, 10 days, 15 days and 25
days. After killing the animals, ilie implants were removed
and. the catgut tested for tensile strength.
Results
The "control" chambers were full of cellular
material when opened, though this res readily stripped from
the coil of catgut. The "millipore" chambers were entirely
free from cellular material, but were fall of fluid, then
tested for tensile strength the catgut from these implants
yielded the results shorn in Table XIu
TABIE XII - Tensile strength of plain catgut siae 3/0







2 days 1.20 1.51
5 days 0.66 1.21
10 days 0.25 0.96
15 days 0.0T 0.61
25 days a 00 0.00
*Each figure is the average of 20 determinations.
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DIAGRAM SHOWING POSITION OF IMPLANT
IN THE LUMBAR MUSCLE.
Pig, 26
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These results are shown graphically in fig, 27
(p. 69)• It can he seen that the fall in tensile strength
of the "controls" followed the normal pattern very closely
and the relationship between tensile strength and time was
logarithmic in form. The behaviour of the catgut enclosed
by "millipore" membrane v*as very different, being very
similar to that of medium chromic catgut (fig, 12, p, 32),
It is clear that the proximity of living cells
plays a major part in the absorption of catgut, but it is
also clear that separation of the catgut from these cells
does not completely stop the absorption process. The
probable explanation of these two facts is that the enzymes
responsible for lysis of the catgut are liberated in
relatively high concentration froci the cells and consequent¬
ly when the catgut is in actual contact with the cells,
absorption is rapid, Yvhexi, however, the cells are separated
from the catgut, the enzyme is rapidly diluted by tissue






Tills section of work ®s limited to a comparison
of the persistance of catgut substance in the muscle tissue
and the loss of tensile strength and a comparison of the
tissue reaction produced by plain and medium chromic catgut.
Experimental Ilethod
The lumbar muscles were exposed as in the standard
implantation method already described, and using a 10" length
of catgut attached to an eyeless, 40 mm., round bodied needle
a. loop of catgut was implanted in each lumbar muscle, as in
figs* 28 and 29 (p. 70 and the ends tied without tension.
After killing the animal with chloroform the
muscle was carefully excised and the sectioning and staining
procedure described in Appendix 5 carried out.
Results
The histological implants were done concurrently
with the tensile strength implants described on pages 29 -
34. Pigs. 30 to 34 (p. 72) and figs, 35 to 39 (p. 74) show
photo-nicrograplis of some of the stages in the absorption of
size 3/0 plain and medium chromic catgut.
In the case of plain catgut it can be seen from
fig. 53 (p. 72) that after 25 days, when the tensile strength
71 -







Fig. 30-3 days Fig. 31-7 days
Fig. 32-15 days Fig. 33 - 25 days
Fig. 34-30 days
Figs. 30-34? Atsorption of Plain 3/0 Catgut
in the lumbar muscle of Rats (x 50)
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lias reached aero, the catgut has lost its integrity and is
rapidly absorbed so that after 30 days there is no trace of
catgut substance in the tissues. Size .5/0 plain catgut is
completely absorbed in 20 days and sizes 0 and 2 are both
almost completely absorbed in about 30 days, the increased
bulk of catgut apparently making very little difference to
the time taken for complete absorption.
In the case of medium chromic catgut, it can be
seen from figs. 33 and 39 (p. 74) thai catgut substance
persists long after tensile strength has been reduced to
zero and that even after 60 days, 25 days after reduction to
zero strength, there are still particles of catgut remaining
in the tissues. This as particularly evident with the
thicker sizes of medium chromic catgut -which, unlike plain
catgut, persisted for considerably longer than the finer
sizes in proportion to "the bulk of catgut to be absorbed.
In the case of size 2 medium chromic implants the outline of
the cross section of catgut -was still relatively circular
after 40 days and there was still much catgut substance left
after 70 days. This is in accordance with the findings of
Jenkins et al. (1942) who observed that some types of chror.Ac
catgut were completely absorbed only after 3 to 6 months.
It can be seen that the tissue reaction produced
by plain catgut is much greater than that produced by medium
chromic catgut. This is particularly evident during tire
first seven days and confirms tire findings of most other
- 74 -
Pig. 35-3 oays Pig. % - 7 days
Fig. 37 - 30 days Pig. 38 - 50 days
Pig. 35 60 days
Pigs. 35-39* Absorption of Medium Chromic Size 3/0
Catgut in the lumbar muscle of Rats (x 50 )
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wwfcera (e.g» Jenkins et al», 19^2> Plolaoll & Clay* 19*4).
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Lister, as far back as 1881, (lister, 1881), tested
the tensile strength of catgut strands before and after
steeping in serum at 98°F. for various times and found very
little diminution in tensile strength. He also observed in
surgical operations that where catgut was used as a drain,
and consequently continually soaked with serum, there was
never any sign of attack. Relating these two observations
he cams to the following conclusion: "The diminution (in
tensile strength) is always absolutely limited to the parts
within the tissues ....... "This seems to me sufficient
evidence that it is not a question of mere chemical solution
of the catgut, but of disposal of the catgut in some way or
other by the living textures. "
Since then much work has been done on enzyme tests
for catgut (Kraissl, 193k and 1936; Jenkins et al«. 1%2;
Jenkins, 1942; Holder, 1946) but little work has been
reported on the effect of serum and body fluids on the
tensile strength of catgut.
The action of the following fluids has, therefore,
been investigated - normal saline, plasma, dextmn solution
and polyvinylpyrrolidone solution. These fluids are typical
of the type of solution that would be encountered by catgut
in normal use.
In addition, it is conceivable that catgut might
also encounter certain enzymes such as streptokinase,
hyaluronidase, pepsin and trypsin and the effect of these
78 -
en2QTJies is also described.
DESCRIPTION OF TECHNIQUE
As in the ill vivo studies the object ms to devise
a method of test which would give quantitative tensile
strength measurements at various time intervals^ as distinct
from the method of Kraissl & Meleney (i 934-) 9 and subsequent
modifications, which records the time in which the tensile
strength is reduoed either to zero or to a definite value by
the enzyme.
The apparatus evolved is shown in fig. AO (p. SO)
and consisted essentially of a latex finger stall attached
to a glass cylinder. The catgut was passed through -toe
latex finger stall and the roll of lint by means of an
eyeless needle (AO mm. round bodied) and the fluid poured in
through the glass cylinder which was then closed by a rubber
stopper. The catgut strands (10 in each finger stall) were
than tested for tensile strength without removing from the
apparatus. Each unit contained about 15 ml. fluid. The
whole apparatus could be sterilised before use, if necessary,
by autoclaving and could be kept at any temperature desired
by suspending by means of spring clips on a rack in an
incubator.
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APPARATUS FOR *IN VITRO"
EXPERIMENTS
Fig. 40
THE EFFECT OF FLUIDS
0O0
The Effect of Normal Saline (0.9, )
These tests were done on size 3/0 plain and medium
chromic catgut concurrently -with the in vivo tests previously
described. Table XIII summarises the effect of 0. sodium
chloride on the tensile strength at various time intervals.
The temperature was 37°0.
TABLE XIII - The effect of normal saline on the tensile
strength of catgut in vitro.
Tin®
(days)












SEaoh figure represents the average of 40 determinations.
It is clear from these results that immersion in
saline for up to 30 days has no effect on medium chromic
catgut. In the case of plain catgut, however, tensile
strength declined rapidly after 3 days and reached about 5Qx
• 82.-
TIME IN DAYS (LOG SCALE)
Fife. M
33
of its original value in 15 days. Fig. 41 (p. 82) shows
these tensile strength values plotted against the logarithm
of the time and it can "be seen that from about 3 Says the
tensile strength declines as the logaritljxn of the time.
This was rather an unexpected result and would
appear to be a characteristic of plain catgut only. medium
chromic catgut was completely unaffected after 30 days.
The possibility that the reduction in strength was due to
bacterial action was considered and the experiment was
checked by repeating the 10 days exposure to saline using
sterilised saline and apparatus and using very careful
aseptic technique in assembling. The results of the
experiment are shown in Table XIV.
TjlBIE XIV - The effect of sterile normal saline.
Solution
Tensile Strength after




Non Sterile Saline +




HSach figure is the average of 20 determinations.
It was deduced from these results that the loss in
strength ms not due to bacterial contamination.
It is probable that the loss in strength is due to
excessive hydration of the catgut, the rater molecules
» 8^ «•
disrating linkages between the collagen molecules, In the
case of medium chromic catgut the chrome tanning process
forms strong permanent links between the collagen molecules
and. these not only reduce -the number of points at which
hydration may occur but also resist any <3isnative forces#
m 35 **
The Effect of Plasma
Plain catgut, size 3/0, ms exposed to plasma
(reconstituted freeza-dried) for 10 days at 37°0# and the
tensile strength determined* Careful asepsis was observed
in this experiment.
Result
Tensile strength after 10 days - 1,57 %&> (Average
of 20 determinations).
It can be seen that there is no loss of strength
after 10 days in plasma, Hydration is probably prevented
by the preferential attachment of water molecules to the
hydrophilic proteins in plasma.
» 86 «•
She Effect of Dextran and Polyvinylpyrrolidone Solutions
Dextran and polyvinylpyrrolidone are frequently
used as plasrsa substitutes and their effect on the tensile
strength of plain catgut, size 3/0» rais also tested, after 10
days exposure at 37°C.
Besult
Tensile Strength
Dextran 1. 50 Kg.
Polyvinylpyrrolidone 1.20 Kg.
Bach result is the average of 20 determinations.
The presence of hydrophilic colloids such as
plasm proteins, dextian and to a lesser extent
polyvinylpyrrolidone clearly tends to prevent loss of
tensile strength of plain catgut by hydration.
THE EFFECT OF ENZXMBS
—•——-• oOo ——
The Effect of Streptokinase
Streptokinase (formerly known as fibrinolysis) is
an en2yme isolated from cultures of a particular strain of
Streptococcus and which has the property of causing rapid
lysis of fibrin clots. It lias been established that
streptokinase is an activator of an enzyme precursor
plasminogen which is a normal constituent of plasma
(Chriatensen & MacLeod, 1945). The enzyme, plaamin, vtiich
is formed by tliis activation, is a potent fibrinolytic enzyme
and it is conceivable that such an enzyme might also possess
proteolytic activity against the collagen of catgut. The
tensile strength of plain catgut, size 3/0, uas, therefore,
determined after exposure to solutions of streptokinase (4
Christensen units per ml.) in saline and in plasma. The
results are shown in Table XV.
TABLE XV - The effect of streptokinase on the tensile
strength of plain catgut size 3/0 in vitro.
Solution
Tensile Strength after
10 days at 37°C. (Kg. )*
Normal Saline a 79





"feach figure is the average of 20 determinations.
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It is dear that no proteolytic action has taken
place on the catgut. The plasminogen of fresh plasma mis
concentrated by a fractionation of the globulin, as ctescrib-
led by Loomis et al« (l%-7)« This fraction was also found
to be inactive against catgut both by Itself and. when mixed
with streptokinase. The streptokinase was active against
fibrin then tested by the method of Permin (1950).
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The Effect of Uyalirronida.se
hyaltraorddase in saline solution having a con¬
centration of 60 units (Benger) per iaL, had no proteolytic
action on plain catgut, size 3/0, as shown by the results in
Table XVI.
TABXE XVT - The effect of hyaluronidase on 'the tensile
strength of plain catgut size 3/0 in vitro.
Solution
Tensile Strength after 10 days
at 37°C. (Kg. )M
Saline 0.79
Saline + 30 units/ml.
Hyaluronidase 1.23
Saline + 60 units/ml.
Ltyaluroni&ase 1.32
*Each figure is the average of 20 determinations.
It is probable that the buffering action of the
hyalurouidase and the presence of large colloidal protein
molecules accounted for the increase in tensile strength.
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The .Effect of Pepsin and Trypsin
The proteolytic effect of pepsin and trypsin used
as an in vitro test for the absorption properties of catgut
has been adequately described by other workers (see page 77 )•
Normally solutions of these enzymes very much more potent
than triose encountered in the stomach or duodenirn are used
in these in vitro tests (e.g. 10/o pepsin) in order to make
the test fairly rapid.
The only time that a suture would come into contact
with these enzymes in use would be when it projects into the
lumen of the stomach or duodenum and to estimate the potency
of the enzyme solution at the very place and time at which
it is secreted is obviously a very difficult thing to do as
it is probably considerably diluted before it can be
aspirated as gastric juice and tested for potency, Howes
(1928) found that plain catgut projecting into the lumen of
the stomach was reduced to aero strength in about 12 hours
and chromic catgut in about % hours. Holder (19M>) also
found that plain, chromic and even iodine-sterilised catgut
stitches projecting into the lumen of the stomach of rabbits
were completely absorbed when examined four days post¬
operatively. Another problem, especially with trypsin, is
the instability of aqueous solutions. Crystalline trypsin
loses 75/2 of its activity in 3 hours at pH 7* The results
in Table XVII were obtained using sise 3/0 plain and medium
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chroiaic cat,gut with 1*0$ solutions of the commercial enzymes
at 37°C« $ the solutions "being renewed twice daily#
Both plain and medium chromic catgut lose strength
very rapidly, as would be expected, in 1.0/1 pepsin and
trypsin, but in view of the difficulties mentioned above it
is not possible to draw more than a qualitative conclusion.
TABLE IvYXX - The effect of pepsin and trypsin on the tensile
strength of catgut size 3/0 in vitro.
Tensile Strength (Kg,)K
Enzyme 1 day 5 days
Plain
■
Medium Chromic Plain Medium Chromic
1,00 Pepsin
pH 1,6 0.26 0.82 nil nil
1.06S Trypsin
pH 7.2
I I .... .. . .. ..
0.41 1.01 nil 0.27
*Kach figure is the average of 20 determinations.
DISCUSSION
It would appear that this study is the first in
which the precision of an in vivo test for the absorption of
catgut has been determined. An accuracy of the order of
+2y & -1y days for plain and + 3 to 4 days for medium chronic
catgut (P = 0. 95) in measuring the absorption time has been
obtained. Other workers (e.g. Jenkins, 194-2} Holder, 1946)
hare ecplmsised the desirability of having pharmacopoeia!
standards for the absorption rate of surgical catgut and it
seems that the technique evolved in these studies would form
a satisfactory basis for such a standard test for absorb-
;ability. The technique is quick and relatively sirrple and
involves no "major" surgery and the accuracy is as high as
would be expected from a biological assay.
The concept of "The time taken for reduction to
half the initial strength" as the absorption "end point" is
one which is a distinct advance on the older concept of the
time taken for reduction to zero strength since the suture
Yflould have little practical value in holding the wound once
its strength had fallen below half its original value. The
limitations of Holder* s (1946) suggestion of an end-point of
450 g. is evident when one is dealing with fine sizes such as
size 5/0 where tire initial strength is only in the region of
450 - 500 g. It is suggested, therefore, that the time
taken for the suture to be reduced to half its original "wet"
tensile strength be regarded as the effective absorption
time of surgical catgut.
* 93 »
The difference between, plain and medium chrcsnic gut
manifests itself in three ways. firstly, in the rate of
absorption. Plain catgut loses strength rapidly in the
first few days, and the curve of strength against tine is of
typical logarithmic slxape in all sizes. Medium chromic
catgut on the other hand loses virtually no strength in the
first 3 to 5 days and thereafter loses strength slowly at
more or less constant rate. Tints difference in behaviour
is obviously of clinical significance and it may be seen
readily that, in view of its rapid decline in strength in
the first few days, plain catgut is safe to use only where
rapid healing and minimal strain are assured. The "induc¬
tion period" of about 5 days in the oase of medium chromic
catgut is obviously a safety factor during the period when
the healing wound is at its weakest. Secondly, plain cat¬
gut evokes mora tissue reaction than medium chromic catgut.
This fact, of course, is not new and confirms the findings
of most other workers. The difference is noticeable
particularly in the first seven days after implantation and
the advantage of using thin sizes of medium chromic catgut
over using thick sizes of plain catgut is apparent. Third¬
ly, medium chromic catgut persists in the tissues after the
suture lias been reduced to below its effective strength for
much longer than plain catgut. This is one of the least
ccanrendable features of medium chromic catgut but probably
the least important clinically. There is obviously a need
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here for research on the part of manufacturers to produce a
chromic type of catgut that vdJLl be rapidly absorbed after
the strength has been reduced to below the strength of the
wound.
With the exception of 5/0 plain catgut the diameter
made very little difference to the time taken for the
implants to reach aero strength. This is in agreement with
the findings of Jenkins & Iirdina (1942a) ?ho found that the
finer siaes sometimes even outlasted the "thicker siaes. It
is here, however, that one's conception of what constitutes
the "absorption time" of a catgut suture is Important for,
although a siae 3/0 and a siae 2 medium chronic catgut
implant may both be reduced to 50/ of their original strength
in about 20 days, at the end of that 20 days the size 2 Iras
an actual tensile strength of about 3*0 Kg. whereas siae 3/0
only has a tensile strength of 0.83 Kg. Siae 2 would reach
a strength of 0.83 Kg, in about 30 days. It seems, there¬
fore, contrary to the reconraendations of Howes & Harvey
(1929) and others, that there is some justification for the
practice of using a thicker siae of medium chromic catgut,
even in relatively weak tissue, when it is intended that the
suture shall last longer. Against the advantage of a
longer time to reach, the desired strength, however, it would
be necessary to set the increased trauma to the tissue in
using the thicker siae and the increased bulk of tissue re¬
section and the possibility of knot extrusion.
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It Is interesting to note that when the catgut
passed through an incision the absorption rate ms unaltered.
One might have expected that the increase in blood supply and
fibroblastic activity would have had an effect on the absorp¬
tion rate,
The results obtained in the catgut sensitisation
experiments were of considerable interest in view of tlie
considerable divergence of opinion on this subject. The
results of sensitisation vdth plain catgut followed the
pattern described by other workers (e. g, Kraissl et al,,
1938} Langston, 1%2), plain catgut being absorbed with
greater rapidity. Sensitising with plain catgut, however,
had no significant effect on the absorption of medium
chromic catgut. Sensitising with medium chromic catgut,
however, causes delay in the absorption of medium chromic
catgut and, again, no significant difference in the absorp¬
tion rate of plain catgut. It must be borne in mind that
related to body-weight very large quantities of catgut were
used as sensitising implants j equivalent to about 1,500 ft.
of catgut in the human subject.
Whatever the explanation or mechanism, however,
the clinical significance is clear; namely, that catgut
sensitisation is unlikely to be a factor in the disruption
of surgical abdominal wounds since, when catgut is used,
chromic catgut is almost exclusively the material of choice,
plain catgut only being used in sites where rapid absorption
mm **
is deaimble#
Lowering of body temperature by 8°C. (14°F. ), as
would be ecxpected, had a profound effect on the absorption
rate and caused a slowing down of the absorption process
almost amounting to a standstill. In view of the present
enphasis on the use of hypothermia in surgery it is of
significance to note that the absorption of catgut sutures
is slowed down together with other metabolic processes.
It is unfortunate that it has not been possible to
raise the body temperature in order to demonstrate a
corresponding acceleration of absorption rate. If there is
a significant increase in absorption rate under these
circumstances, then post-opera.1tive fever is likely to be a
serious complication where catgut has been used. Sizer
(1945) demonstrated this increased absorption rate in frogs
and found that a 7°C. increase in temperature led to a 1OC0
increase in absorption rate. It is unlikely that a fever
of the order of 7°C. (11°F. ) would occur post-operatively
and persist for any length of time but, assuming a corrpar-
:able effect in the human subject, a prolonged fever of 4°G.
(7°F. ) would have a very substantial effect on the absorp¬
tion of catgut in a wound.
The in vitro studies served to emphasise the
difference between plain and medium chromic catgut. It is
perhaps not sufficiently realised that chromic catgut is
not merely a slightly different sort of plain catgut but
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that it lias fundamental differences in properties which make
it almost a totally different suture material. It differs
markedly in the tissue reaction it evokes; it differs in
having a complete reversal of sensitising properties; it
differs in retaining its strength almost unchanged at the
tine when plain catgut is losing strength most rapidly and
the in vitro studies have shown its difference in suscept-
jability to the disruptive forces of hydration. She in
vitro studies have also emphasised the difference in
behaviour between plasma and normal saline -which, although
isotonic with plasma, behaves differently in its hydrating
action on plain catgut. The presence of large hydrophilic
molecules clearly affects the hydration of plain catgut.
It is of interest, too, that the finding that
plasma causes virtually no loss in tensile strength even
after many days* incubation at body temperature confirms
the results which Lister obtained over seventy years ago
(Lister, 1881).
The results obtained from the experiments on the
effect of enzymes suffered from a certain degree of limita¬
tion. The streptokinase/plasminogen system and
hyaluronidase appear to have no effect on tire tensile
strength of catgut. Pepsin and trypsin in 1.0/: solution
cause very rapid loss of tensile strength and emphasise that
catgut sutures projecting into the lumen of the stomach or
duodenum will be very rapidly digested.
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The limitation of this in vitro technique is, of
course, that it is static -whereas the absorption process in
the living animal is dynamic. The body fluids axe in con¬
tinuous rapid circulation, fresh engines are being mrn-
factured continually and are being freshly activated and,
moreover, the enzymes are being produced by living cells in
vaiying numbers in close proximity to the suture and there
is no means of measuring the concentration and activity of
the enzymes at the point of liberation.
This point is further enphasised by tlxe experiment
in which the catgut implants were isolated, in vivo, from
the cells but not from the body fluids. The behaviour of
plain catgut thus implanted was more akin to that of medium
chromic catgut, the time for reduction to half the initial
strength being about 13 days. Some of tlxis delay in
absorption would undoubtedly be due to the relatively slow
diffusion rate of the fluids thzougjh the separating raembrane
and to the dilution of the proteolytic enzyme secreted by
the cells, as it traverses the increased distance from tlxe
cell to the implant, but it is probable, too, that rapid
inactivetion of the enzyme also occurs.
It is worthy of note that vixen the in vivo system
itself becomes static, e.g. when cells and fluids are
occluded in the space between the catgut and the walls of
the polythene protector, then there is virtually no
proteolytic action on the catgut. Under these conditions
— ■»
the life of the cells is probably short o-wing to difficulty
of respiration and accumulation of metabolites.
It wul& be possible to adapt the in vitro
technique so that the fluids being tested mve in continuous
circulation and replacement but this nouid involve very-
large quantities of plasma and enzymes etc. and eould tend
to be more complicated and expensive than an in vivo test!
The results of these studies and, particularly, of
the in vitro studies emphasise the point made by Mahoney
(1 %3) that the problems of surgery and the suture are not
purely mechanical problems, but problems involving delicate
living cells.
SMM
A technique for inrolanting surgical sutures in the
tissues of animals has been devised whereby the
changes in tensile strength of the suture material
may be followed with a fair degree of accuracy and
a suggestion has been made that the time taken for
the average tensile strength of a suture to be
reduced to half its original "■wet" strength should
be designated the "absorption tin©", The desir-
tability of standards for absorption rate has been
emphasised.
The normal behaviour of plain and medium chronic
catgut in rat muscle lias been investigated and the
difference in their behaviour demonstrated. The
rate of loss of tensile strength of plain catgut
follows a logarithmic curve whereas tire loss of
tensile strength of medium chromic catgut is
negligible for the first 3 to 5 days and thereafter
follows a linear relationship with time. The
significance of this difference in surgical
practice has been discussed.
The effect of the diameter of the surgical catgut on
the absorption rate has been investigated. In the
case of plain catgut there is a tendency from a
tensile strength point of view for the finer sizes
to be absorbed more quickly than the thicker sizes.
In the case of medium chromic catgut the percentage
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of the initial strength declines at substantially
the saxae rate in all sizes.
4. By means of a statistical analysis the effects of
the sex and body-weight of the animal have been
shown to be of doubtful significance.
5. A transverse incision in the muscle through which the
implant has been passed has been shorn to have no
significant effect on the absorption rate of either
plain or medium chromic catgut.
6. vJhen a rat has been sensitised by a previous implant
of plain catgut, the absorption rate of subsequent
plain catgut implants lias been shown to be increased
and when medium chromic catgut has been used as tire
sensitising implant, the absorption time of medium
chromic has been shown to be prolonged.
7. The body temperature of the animal has been shown to
have a very significant effect on the absorption rate
of catgut. V/hen tire body temperature is lowered the
catgut sutures are absorbed more slowly. The clinical
significance of this in post-operative fever and
hypotliermic operations lias been discussed.
8. Isolating the catgufc implant from the body tissues
but not from the body fluids had the effect of pro¬
longing absorption considerably and the possible
reasons for this have been discussed.
% The absorption of catgut implants has also been
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followed histologically, and the findings of other
■workers that plain catgut causes considerably more
tissue reaction than medium chromic catgut and that,
especially in the latter case, there is still much
catgut material left when the strength has been
reduced to zero are confirmed* Medium chromic
catgut persists in the tissues for many -weeks after
reselling zero strength, whereas plain catgut is
rapidly absorbed*
10. An in vitro technique has been developed for study-
sing the effect of fluids on the tensile strength
of catgut and the effect of normal saline and various
body fluids and enzymes has been studied*
11. Plain catgut has been shown to lose tensile strength
rapidly in normal saline solution but not in plasma
and to a lesser extent in dextran and polyvinyl¬
pyrrolidone solutions. Medium chromic catgut is
unaffected by saline solution* The possible reasons
for this are suggested*
12* The streptokinase/plasminogen system and lyaluronidase
have been shorn to have no action, in vitro, on the
tensile strength of catgut.
13m Solutions of pepsin and trypsin of the order of con¬
centration found in the body have been shown to cause
rapid loss in tensile strength of both plain and
medium chromic catgut in vitro.
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aeeemdec 1
0O0
The Method of Sterilising Polythene Tubing
Sterilisation by autoclaving causes hardening and
distortion of polythene, especially -ahen in the form of thin-
walled narrow tubing. Consequently a chemical method of
sterilising was indicated# The following method was found
to be satisfactory:-
a# Packing
The polythene implants were
packed in lots of 10 in .glass suture tubes
about 9 asm. in diameter,
b. Sterilising
The tubes were then filled with
the following solution and allowed to
stand for 24 hours:-
Solution of Formaldehyde B.P. « 4 ml.
Cetrimide B.P. 0.01 g»
Alcohol 70 etI.
Water to 100 ml.
c. Bemoval of Foxmaldehyde
The sterilising solution was
decanted off and the tubes filled with
the following solution and allowed to
stand for 24 hours:-
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Removal of Formaldehyde (contci. )
Hydrogen Peroxide 100 vols# ... 10 ml#
Alcohol ... 70 ml.
Water to 100 iaL.
d# Rinsing
The hydrogen percod.de solution
■was decanted off and the polythene rinsed
with sterile 95/ alcohol (filtered
through a Seitz filter) three times,
e. Drvw,
The tubes were plaoed under a
vacuum hell-jar and subjected to a vacuum
of about IK cm. of Hg until dry.
Samples taken from, polythene processed by this
method were always shown to be sterile and free from
formaldehyde. The tubes viere hermetically sealed by fusion
of the glass for storage.
ABEENDEC 2
— oOo —
Ehyaical Methods of Testing Catgut
Diameter
The diameter of the catgut was measured by means
of a dial-reading micrometer graduated in half thousandths
of an inch and exerting a pressure on the catgut of 7 oss,
in accordance with the specification laid down in the
British Pharmacopoeia (1953) p. 129.
Tensile Strength
a. The Instrument
The instrument used was the inclined
plane tensicaneter specified by the United States
Pharmacopoeia XIV (1950) p. 765. This instrument
consists of a fixed clamp and clang) attached to a
weighted trolley running on rails. A recording
device is attached to the trolley (fig. 42, p.
108). In operation the rails are tilted
mechanically at a constant rate. As the angle
of tilt increases the load applied to the suture
increases and the breaking point is automatically
recorded. The advantages of this type of machine
over the pendulum type specified by the British
Pharmacopoeia ares
(i) There is a constant rate of application
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the material under test.
(ii) The recording scale is linear.
Testing the Implants
The distance between the jaws of the two
clangs was adjusted to 2,5 cm. and the implant
clasped firmly as shown in fig. (p. 108).
The narrow strip of polythene adjacent to
■the exposed length of suture was cut carefully with
a pair of sharp pointed scissors.
The tensile strength was then measured
in the normal way.
AEESi©IX 3
— 0O0 —
Chemical Methods of Testing Catgut
Chromium Content
The method usedm substantially that described
by Davies & limes (1944) for chrome leather and consisted of
a "-wet oxidation" "by perchloric acid followed by titration
of the liberated chromic acid with ferrous ammonium sulphate,
a# Qscidation
About 0.1 g» catgut was weighed into a 150
ml. flat bottomed "iyrex" flask and the following
mixture added!-
Perchloric acid (60$ 10 ml.
Hitric acid (conc.) ............. 5 ml.
Sulphuric acid (conc.) 5 nil.
The flask was heated on an electric hot
plate until the mixture turned from pale green to
orange, when it was boiled for a further 5 minutes.
The flask was then removed from the hot
plate and cooled rapidly in cold water and 50 ml.
cold distilled water added rapidly.
After boiling for 15 minutes to drive
off any free chlorine the contents were allowed to
cool,
b. Titration
The contents of the flask were then
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Titration (contd#)
titrated against 0*G2R ferrous aianonium sulphate
using o-phenanthrolirie as indicator and the
chromium content calculated in terms of Cr^O,.
Resistance to Papain Solution
a. Apparatus
The method adopted ms substantially
that of Kfaissl (1934) in which a loop of catgut
•was immersed in the enzyme solution under 20 g#
tension# The breaking time was automatically
recorded by an electric clock mechanism. The
tubes containing the enzyme solution were kept at
constant tenpera ture by itrsaersion in a thermostat
bath at 37°C. (+ a#1°C.).
b# Engyxae Solution
The enzyme solution used was a 3>* papain
solution activated with sodium bisulphite in a
phosphate/borate buffer at pH 7*2 standardised so
that 0#04 ml# diluted to 1 ml# liberates 2# 5 rag#
of tyrosine from 5 ral# of 2$ casein solution at
37°G. after 15 minutes#
AFPEHDIX 4
— 0O0 —
Statistical ISethods Used In the Studies
Precision of Uethod
The accuracy of the 5Ojl> absorption time measurement
wis determined by first calculating the standard deviation of
the average tensile strength measurement for that particular
time. The range to include 19 out of 20 such measurements
as then calculated (S.D. x 1. 96) and the range of time
corresponding to this range estimated from the appropriate
graph. In the case of plain catgut the values on either
side of the average value were different due to the shape of
the curve. In the case of medium chromic catgut the average
value was in the centre of the range since the curve was a
straight line at that point.
Sen and Body-V/eiyht
In order to make use of all the observations to¬
gether in testing the significance of sax and body-weight,
multiple regression equations were calculated for plain and
medium chromic catgut. In the case of plain catgut, bocly-
v/eight, logarithm of time and diameter were taken as
independent variables arid tensile strength as the dependent
variable and in the case of medium chromic catgut, body-
weight, time, diameter and time squared were taken as
independent variables and tensile strength as the dependent
variable. The calculations incorporating the test of
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significance for body-weight wore then raa.de according to the
method described by ¥oolf (1951 )•
"he sex effect ms tested for significance by a
variance ratio test when the observations were classified
into separate sex groups.
Effect of an Incision
The effect of an incision on plain catgut was test-
sed for significance by comparing the slope of the two log.
lines using the "t" test (Davies, 1 943 )« As reported in
the text, the two sets of tensile strength measurements for
medium chronic catgut, when expressed graphically, shotted an
even closer approximation than the plain catgut observations
and, therefore, a significance test ms deemed unnecessary.
Sensitisation and Body Temperature Effects
On the suggestion of Dr. Woolf, the "two point"
method, already referred to in the text, ms used for these
comparisons. For this purpose the alternative linear
equation for plain 3/6 catgut was calculated, expressing
tensile strength in terms of the logarithm of the time. The
two point comparisons were tasted against this by variance
ratio. The "control" observations for medium chronic catgut
differed significantly from the original curve and the
results from sensitised animals were compared with the
"control" line by variance ratio.
Tire difference between the results from "cooled"
and "control" animals was so obviously larger than that
* 114 *
•which had already "been proved significant in the sensitising





After lilllng the animal with chloroform, the
lumbar muscle ms excised and fixed in 10/:- neutral formol-
saline for 24 hours. A suitable sized piece of muscle con¬
taining the implant ®s dehydrated by passing through 50, ,
7Ofo and two changes of 100% Dioxan for at least 2 hours in
each change. The tissue ms then placed in a mixture of
equal parts of paraffin wax (?*.P. 5S°C. ) and Diceam at 40°c*
for 2 hours and thenee to three changes of paraffin mx at
60°C. (2 hours in each change).
After blocking out in the usual my, sections were
cut at 10 microns and floated out on albuminised slides and
dried.
The staining technique was as followss-
a. Xylol 5 rains.
b. Absolute Alcohol ............... 2 mine.
c. 50^S Alcohol 5 m±ns.
d. Y/eigert*s Haematoaylin ......... 15 rains.
e. Ehrlich's Kaartatoxylin ......... 5 rains.
f. Rinse » tap water
g. Acid Alcohol oa 10 sees.
h. Idnse and "Blue" in tap water .. 5 rains.
i» Van Giesonfs stain ............. 3 rains.
j. Rinse in tap water
» 116 »
k» Absolute Alcohol 5 inins.
lm Xylol ................. 5 mius.
xa. Mount in "DoPeX" mountant,
Tliis staining technique gave very good contrast
■between the catgut implant and the surrounding tissue and
stained as follows
Catgut and collagen fibres bright red





A Protocol of a Single Experiment
Experiment 2
The Absorption Behaviour of Plain and Medium Chromic Gat,-git
NOTE: This experiment is summarised on pp. 29 - 3k»
a. Purpose
To study the normal behaviour of plain and medium
cliroinic catgut (size 3/0) in vivo as demonstrated by the
relationship between the tensile strength of the catgut and
the time.
b. Method
Tire standard procedure developed in Experiment 1
was used for implanting the catgut in the lumbar muscles of
rats. Five rats were used for each survival period (i.e.
20 tensile strength measurements) and the following survival
periods used: -
Plain catgut (3/0) i 1# 2, 3# 5# 7# 10 ana 15 days.
Medium chromic catgut (3/0): 1, 2, 3, 5, 7, 10,
15# 20* 25 and 30 days.
c. Operating Programme
(i) Plain Catgut Size 3/0
Eat Date Date Survival Period
Nos* Implanted Killed (days)
13 - 15 21.7.51 23.7.51 2
19 - 21 2*7.51 25.7.51 1
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25 - 27 28. 7.51 31. 7.51 3
31 * 33 31. 7.51 5. 8.51 5
37 - 39 11. 3,51 26, 8.51 15
43 * 45 14. 8.51 21, 8.51 7
49 - 51 18. 8.51 28. 8,51 10
55 * 56 21. 8.51 22. 8.51 1
61 ** 62 3. 8.51 27. 8.51 2
67 * 68 28. 8.51 12. 9.51 15
73 - 74 8. 9.51 18. 9.51 10
79 - 80 11. 9.51 16. 9.51 5
85 - 86 18. 9.51 25. 9.51 7
91 - 92 22. 9.51 25. 9.51 3
(ii) I.-lediua Chromic gat,yut Size 3/0




97 - 99 25. 9.51 20.10.51 25
103 - 105 29. 9.51 29.1a 51 30
109 - 111 2.10.51 22.10.51 20
115 - 117 6.10.51 21,10.51 15
121 - 123 9.10.51 16.10.51 7
127 - 129 13.10.51 23.1a 51 10
133 - 135 20.10.51 23.10.51 3
139 * 141 23,10.51 28.10.51 5
145 - 147 27.10.51 29.10.51 2
151 - 153 30.10.51 31.10.51 1
157 - 158 6.11 • 51 1.12.51 25
163 - 164 10.11.51 10,12.51 30
169 - 170 13.11.51 3,12.51 20
175 -176 17.11.51 2*12.51 15
181 - 182 2a 11.51 25.11.51 5
187 - 168 24.11.51 4,12.51 10
193 - 1% 1,12.51 3.12.51 2
199 - 200 3.12.51 10*12.51 7
205 - 206 8.12.51 11.12,51 3
211 - 212 10.12,51 11.12.51 1
130355? Phis eocperiimjnt vis.s performed concurrently \ith the
experiment itmiving incised muscle (pp. 50 - 53) and also
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■with the e;oeriments involving histological implants (pp.
70 - 75)• Sbr one survival period (e.g. 2 days) 3 rats
(nos. 13 * 15) were used for this experiraent, 2 rats (nos.
16 - 17) were used for the incised muscle e:q>erimeni and 1
rat (no» 18) for a histological isiplant. Later 2 rats (nos.
"
61 * 62), 3 rats (nos. 63 - 65) and 1 rat (no. 66) were used
respectively- for the above experiments caking a total of 5
rats for the implants in intact muscle, 5 rats for the
implants in incised muscle and 2 rats for the histological
replants. This procedure was designed to nullify any
variations in the strain of rat used throughout the experi¬
ments.
d. Results
After killing the animals and removing the implants
according to the procedure specified in the standard
technique described on pp. 21 - 25 tire catgut was tested for
tensile strength (see Appendix 2) and the results in the
following 'tables obtained.
The "initial strength" of the catgut was defined
as the strength after soaking in plassaa for 21 hours accord-
ting to the technique described on pp. 79 and 80.
HOTh: In the following babies the headings for the columns
are replaced by the letters A, B, 0 and R in order to
simplify the lay-out.
A s Tensile strength of implant in Kg,
B = Body-wuiriit of rat.
«• 120 *»
C as Sox of rat#
R as Rat number#
Y/here "D" appears in column "A" it signifies either
that the animal died befbre the survival period vas cocnplet-
ted or that the implant vaa damaged in removal*
- 121
(i) Plain Catpxrt Siae 3/0
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(ii) I'edrum Chrome Catntrfc Size 3/0
1 day




































1.86 - Averafle I
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I 1.20 - Average
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(ii) laedium Chromic Catgut Size 3/0 (corxta. )
■""" -
25 days
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I 0.44- Average
30 days































Initial Strengths of Plain and Medium Chromic
Catgut Size 3/0
1
Tensile Strengths (Kg, )




























The results in these foregoing tables may be
sumrarised in the following table (Table II in the text p.
30).













1 1.48 100 1.86 112
2 1.15 78 1.57 95
3 1.07 72 1.61 98
5 0.75 51 1.66 100
7 a45 30 1.48 89
10 O.46 31 1.48 89
15 0.27 18 1.20 73
20 . #■ 0.87 53
25 - * 0.44 27
30 •» 0.20 12
Init. Str. 1.48 Kg. Init. Str. 1.66 Kg.
These average tensile strengths "were plotted
against the logarithm of the time in the case of plain cat¬
gut and against the time in the case of medium chromic cat¬
gut (figs. 44 and 45)* The points on the first graph
(plain catgut, fig. 44) show a good approximation to a
straight line and the "best straight line" vxxa fitted to
these points by the method of least squires.
In the case of the second graph (medium chromic
- 128 -
catgut, fig, 45) there -/as obviously little change in
strength until after the 5th day, "but from 5 to 50 days the
points showed a reasonable approximation to a straight line.
The "best straight line" was, therefore, calculated for- the
points at 5, 7, 10, 15, 20, 25 and 30 days,
e. Calculation of the "best straight line"
Warn Y = Log. time (plain) or time (medium chromic)
X = Av. tensile strength (Kg,)
IT = number of observations
m = Tangent of the angle of slope of the line
and c = Zero intercept
NIXY - IX.1YtWn a " NIX'S! - (£X)2
cud C a —-* nZ3i (2)
and Y « mX + o (3)
Taking two arbitrary values for X in equation (3),
the corresponding values of Y may be calculated and through
these two points the "best straight line" may be drawn (see
figs. 44 and 45 )•
(i) Plain Cat/rut Sise 3/0
II = 6 (since log. 1=0 the observation for















(i) Plain Catf-ut Size 3/0 (contd,)
nL 6x2,^- 18,667 ( ,6 x 3.517 - 17.223 v '
= -0.887
0 _ + °»^887 x (2)
a 1.363
■Then X « 1.40 Kg.
then Y = -0.887 x 1.400 + 1.363 (3)
Y = log. of time = 0.121 or 1.3 days
When X « 0.10 Kg.
then Y = -0.887 x 0.100 + 1.363 (3)
Y « log. of time » 1.274 or 18.8 days
These too points were inserted in fig. 44
and the straight line drawn through them.
(ii) Medium Chromic Catgut Size 3/0







7 x 85.86 - 820.96
m *
7 x 7.33 - 53.73 (1>
ss -16.61
c = 112.00 + 16.61 x 7.33
« 33.39
130 •
(ii) Medium Chromic Catgut Sise 3/0 (contd.)
When X « 1.5 Kg.
then X a -16,61 x 1.500 + 33.39 (3)
a 8.47 days
When X a 0.1 Kg.
then X = -16.61 x 0.100 + 33.39 (3)
a 31.73 days
These two points were inserted in fig, 45 and
the straight line drawn throu$i litem,
f. Conclusions
(i) Plain Catgut
The tensile strength of sise 3/0 plain
catgut declined in direct proportion to the
logarithm of the time when implanted in the lumbar
muscle of rats. The strength ras reduced to 50/
of the initial strength in approximately 5 days.
(ii) Meditsa Chronic Catgut
The tensile strength of sise 3/0 medium
chromic catgut showed virtually no change for about
5 days and thereafter declined in almost direct
proportion to the time. The strength was reduced







Fig,44:AbsorptionfSize3/0Plai CatgutintheLumbarMuscle ofEats x=E^erimentalPoi ts =CalculatedPoints
I
X






The tables in this appendix contain the canplete
data from which the average figures in the tables in the
text were calculated.
In order to simplify the lay-out of the tables the
following abbreviations are used for the column headings j
A = Tensile strength of implant in Kg,
B » Body-weight of rat.
C « Sex of rat
Where the letter "D" appears in column "A" it
signifies either that the animal died before the completion
of tire survival period or that the implant was damaged during
removal from the animal.
In the cases of Table II (p. 30), Table IV (p. 36),
Table V (p. 37), Table VIII (p. 53) and Table IX (p. 56) the
data for the normal absorption of size 3/0 plain and medium
chromic catgut have already been tabulated in Appendix 6
(pp. 117 to 132).
- 134 -
Data Summarised. la laole XV
































































































































































































































Data Stsargirlsad in gable I?









































































































































































































a 06 - iiveranc
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PPPP 8888 250 £
0.46 - Average
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Data otEararxaed in gable 17









































































































































































































































































Initial Strengths of Plain Catgut
Size 5/0 Size 3/0
. - -




0.47 1.43 3.96 6.07
0.40 1.51 3.59 4.54
0.53 1.47 4.10 4.19
0.27 1.16 4.35 4-39
0.44 1.76 3.41 5.74
0.60 1.39 3.33 4.85
0.57 1.47 3.89 4.99
a. 54 1.47 3.95 5.09
a54 1.87 3.74 5.06
0.58 1.81 3.84 4.93
0.44 1.56 3.52 5.75
0.52 1.60 4.21 5.17
0.51 1.41 4» 28 5.11
0.41 1.14 3.72 5.58
0.55 1.27 3.85 5.72
0.47 1.29 4*54 4.83
0.61 1.58 3.79 4.62
a 51 1.37 4.15 4.79
0.54 1.58 3*14 5.39
0.50 1.48 3.84 5.10
• 143 m
Data Stsamarisea in Sable V




































































































































































































































, P»J1 - JIverarjD
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Data Snaaarised in Table If












































































































































































































































, !f ,15 - Average
148
HecHm Ghroraic Cat;Tut Size 0 (contcU )
25 days 30 days














































0.97 - Average a10 - Average
35 days 40 days



















































0.02 - JIverapie 0.14 - iiremm
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Data Stargaarised in Table V



























































































































































































































Iledlua Ciixoinic Cat/iat Size 2 (contei. )





























































































































Initial Streacrtha of Medium Chromic Catimt
Size 5/0 Size 3/0 Size 0 Size 2
0,52 1.81 3.75 5.68
a 57 1.76 3.06 6.57
0*4-9 2.10 2,97 5.20
0.56 1.55 3.68 6.57
0.69 1.89 3.12 5.82
0.41 1.39 4.85 6.22
0.36 1.30 3.21 5.60
0,52 a 97 3.59 6.92
0.48 1.64 3.86 6.84
0.51 2.10 3.13 6.44
0.41 2.02 3.68 5.41
0.54 1.85 4.58 6.13
0.55 1.89 3.84 5.15
a 32 1.72 3.37 489
a 39 1.43 2.86 6.79




0.48 1.30 3.33 5.15
0.51 1.60 407 7.10
0.46 1.76 3.91 5.68
0.46 1.66 3.60 6.00
153 -
Data Stcrsaarised in Table VIII







































































































































































































































































































































































































































0. <30 - Average
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Iledimn Chzt)iaio Catgut Size 3/0 in Incised Insole (contfl. )
25 flays


































































































































































Data Summarised in Table IK (conto. )
10 days 15 days























































0.12 - JIverane o.°7 - kveram
160 -
Data Sungrsarised in Table X
Tensile StreiVT&i of Plain. Cat/gut Sjae 3/0
'— -
HO Plain liedium Chromic
Sensitisation Sensitisation Sensiiisation
[
2 clays 7 days 2 days 7 days 2 days 7 days
1.65 0.55 1.06 0.00 1.56 0.57
1.49 0.55 1.08 0.00 1.46 g 36













1.68 0.30 0.89 goo g98 1.11
1.43 0.71 a 98 g33 g96 g92
1.13
1.75 gM 0.931.00 0.Q80.00 7T§
1.43 ol 32 0.33 0.00 1.36 1* 02
1.15 0.40 a46 goo 1.19 0.96
1.13 &i2 041 goz D 0.65
1.33 0.92 oTS9 goo vf?
1.25 0.86 1.18 goo 1.31 1.05
1.21 a 61 0.91 0.00 1.00 g65
1.17
1.49 f# 1.291.41 0.00D 1.65i75o goo1.20
1.45 a 82 1.49 2) 1.27 g94













1.27 0.65 0.93 0.37 1.42 1.03













1.03 0.34 1.06 g33 1.63 g69











1.40 0^63 a 73 g75 1.40 g30
1.08 0.13 1.59 0.73 1.07 gio
0.35 0.00 0.53 Q. 00 0.88
175o
0.00
1.42 1.12 0.15 g23 1# 26
1.35 0.92 1.31 0.37 1.09 g44
1.12 0,40 1.41 0.15 g73 0.11
1f 12 a 54 1.49 g58 g6s 0.00
17091.49 1.11 1.29 goo D
1.17 0.49 0.86 0.00 D 0.82
0.86 0.44 0.81 0.75 D 0.57
0.35 0.40 0.38 1.04 D gio
1.25 a 58 0.97 0.33 1.22 g65
- 161 -
Tensile Strength of '"iedium Chromic Cat,rgit Size 3/0




7 days 25 days 7 days 25 days 7 days 25 days
1.76 0.71 1.25 1.95 1.89 0.76
1.52 0.42 1.47 1.41 1.79 a 53











1.00 1.11 1.79 0.91 1.52 a 76











1.74 0.76 1.62 0.83 1.74 a 98
1.72 O.46 1.39 1.18 1.58 0.61
0.95 1.25 0.42 1.47 0.00
1^53 0.71 tl9 0.44 1760 aTS
1.74 0.26 1.39 Q.64 1.60 0.28













1.00 0.30 D 0.39 1.70 1.09






1.66 0.38 1.31 1.12 1.54 0.34













1.45 1.03 1.60 1.06 1.70 0.92
1.91 0.55 1.60 0.66 1.85 0.46
2.08
1.45 all 1.87008 0.620.13 1.41 1.000753
1.93 0.17 1.56 0.29 1.95 1.14











1.60 0.21 1.20 0.73 1.56 a 63





0.54 IsJZ 0420.37 1.70 0.73 D 0.53
1.72 a 36 1.56 1.39 D 0.57
1.27 0.17 1.83 1.22 D 0.55
1.22 0.00 1.89 0.00 D 0.00
1.53 0.50 1.60 0.85 1.59 0.65
«* 162. •
Data. Summarised in Table XI
Tensile Streiy:t •. of Plain Catrcut Size 5/0
3 days 7 days
38°C. 30°G. 38°G. 30°G.
1.35 1.87 a 69 1.37
1.16 1.56 1.04 1.16
1.08 1.35 1.18 1.12
o
1.52 ^8 1.020.10 1.08175^
1.4.3 1.62 1.02 1.37
1.25 1.58 1.47 1.20
0.37 1.37 0.00 0.98
1.471.29 1760 a 21
0.96 1.58 1.37 1.41





1.16 1.31 1.31 1.52









1.33 1.31 0.89 1.43
1.22 1.37 0.31 1.35
1.06 1.16 0.56 1.12
1.25 TTJ 1.35 l7&4
1.02 1.00 a 38 1.22
0.58 1.31 0.32 1.04
0^ 1.14 0.15 is
1.33 1.45 1.42 1.39
a 89 1.45 1.29 1.16
0.79 1.29 0.50 1.00
oaz 1.20 0.23 a 48
1.37 1.54 0.40 1.33
1.33 1.35 0.52 1.27
a 93 1.22 a 25 1.04
0. 66 1.45 0.42 &£§
1.47 1.37 0.42 1.31
1.29 1.18 1.15 1.10





1.00 1.45 0.19 1.08
a 93 1.45 0.17 0.29
0.19 1.43 0.65 0.17
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Data Susnnarised in Table XIU
Tensile Strength of Plain. Cat.'Tut Size 3/0
1 day 2 days 3 days 5 days 7 days
1,20 1.27 1.56 1,06 a 79
1.22 1.51 1.91 0.89 0.68
1.40 1.51 1.54 1.39 1.42
1.76 1.62 1.58 1,20 1,10
1.78 1.41 1.76 1.43 0.54
1.49 1.47 1.27 0.52 0.73
1.75 1.76 1.60 0.92 0,89
1.44 1.97 1.58 0.75 1,21
1.44 1.25 1.37 1.02 1.02
1.84 1.37 1.41 1.56 0.50
1.76 1.47 1.49 1.43 0,50
1.76 1.85 1.47 1.29 1.44
1.10 1.66 1.89 1.20 1.62
a 98 1.49 1.76 1.66 1.25
1.68 1.39 0.95 1.00 O.64
1.42 1.31 1.39 1.74 0.80
1.64 1.47 1.41 1.39 1.15
1.40 1.22 1.39 1.02 0.85
1.08 1.49 1.54 0.93 1.31
1.18 1.72 1.18 1.35 1.33
1.27 1.37 1.47 1.66 1.46
1.60 1.56 1.39 1.62 1,20
1.62 1.41 1.18 1.20 0,46
1.64 1.43 1.29 1,64 0.52
1.64 1.45 1.85 0.66 1.54
1.78 1.74 1.14 0.85 0.83
1.48 1.56 1.14 1.37 O.64
1.04 1.66 1.58 1.27 1.54
0.90 1.54 1.78 1.66 1.31
0.90 1.43 1.31 1.60 0.62
1.76 1.85 1.39 1.20 1.42
1.70 1.83 1.27 0.96 0.56
1.49 1.95 1.49 . 0.52 0.75
a 76 1.43 1.37 1.18 1.54
1.60 1.45 1.45 1.31 1.54
1.60 1.51 1.81 0.73 0.54
1.54 1.41 1.29 1.29 O.42
1.60 1.27 1.37 1,18 a 58
1.70 1.58 1.58 1,12 1.47
1.82 1.08 1.49 1.37 1.29
1.47 1.52 1.47 1.20 1,00
p
v£> CO
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Data Sis;Traarised in gable XIII
Tensile Strength of Medium Chromic Cat;"ut Size 3/0
1 day 2 days 3 days 5 days 7 days
1.99 1.74 1.49 1.29 2.20
2.03 1.99 1.54 1.04 2.16
1.99 1.29 1.91 1.66 1.95
1.83 1.29 1.87 2.03 2.32
1.95 1.54 1,62 1.91 1.70
1.08 1.00 1.00 1.45 1.25
1.58 1.25 1.83 1.04 1.70
1.87 1.45 1.87 0.91 1.66
1.62 2.08 1.62 2.28 1.99
1.70 1.99 1.66 1.70 1.95
1.91 1.95 1.95 1.74 1.99
1.87 1.49 2.16 1.16 a 08
1.54 1.78 1.58 1.78 1.33
1.87 1.37 1.70 1.54 1.91
1.91 1.41 2.12 1.83 2.12
1.87 1.33 2.03 1.70 a 03
2.08 1.54 1.91 1.62 1.91
2.16 1.29 1.49 1.29 a 08
1.74 1.74 1.49 1.33 1.70
1.91 1.58 1.58 1.45 1.49
1.58 1.54 J. 95 1.99 0.98
1.61 1.99 1.29 1.87 1.39
1.61 1.29 0.91 1.29 1.18
2.08 0.95 1.70 1.95 1.06
1.99 1.37 1.33 1.87 a 37
2.08 1.41 1.00 1.37 1.25
1.83 1.54 0.91 1.91 1.29
1.78 1.83 1.49 1.87 a 32
1.74 1.58 1.33 1.83 1.99
1.74 1.58 1.49 1.70 1.66
1.87 1.91 1.25 1.83 1.08
1.70 1.87 1.29 1.54 1.0ft-
1.54 1.12 1.08 1.54 1.43
1.41 1.83 1.58 1.78 1.22
1.87 1.78 1.33 2.20 1.74
1.41 1.33 1.33 1.87 1.87
1.29 1.70 1.54 1.78 1.99
1.29 1.66 1.49 1.99 a 03
1.75 1.58 1.37 1.95 a 03
1.37 1.45 1.49 2.20 a 08
1.75 1.56 1.54 1.68 1.7.:.
— i 67 ~*
Tensile Strenrtth of Medium Clmmdc Cat/rut Biae 3/0 (contd. )
10 days 15 days 20 days 25 days 30 days
2.03 1.62 1.29 1.70 1.83
1.95 1.70 1.78 1.99 1.78
1.37 2.03 1.87 1.99 1.29
1.66 1.99 1.78 1.49 2.45
1.49 1.45 1.29 1.58 1.74
1.91 1.95 1.41 1.74 1.95
1.41 1.95 1.74 1.70 2.03
1.70 1.37 1.66 1.78 1.54
1.33 1.54 1.58 1.83 1.66
1.74 1.54 1.49 1.78 1.62
1.78 1.70 1.20 2.03 1.91
1.95 1.58 1.29 1.62 1.66
1.74 1.83 1.54 1.62 1.70
1.70 1.91 1.45 1.66 2.08
1.95 1.66 1.54 1.70 1.87
1.62 1.62 1.62 1.74 2.16
1.62 1.66 1.29 1.95 1.66
1.66 1.70 1.41 1.99 1. 66
1.58 1.83 1.58 1.83 1.74
1.54 1.62 1.58 1.78 1,62
1.95 1.25 1.41 1.87 2.41
2.12 1.41 1.25 0.37 2.16
2.03 1.91 2.37 1.49 1.49
1.70 1.37 2.37 1.49 1.91
2.03 1.62 2.08 1.78 1.29
1. 66 1.95 1.36 1.78 1.08
2.03 1.54 1.95 1.74 1.25
1.99 1.37 1.36 1.58 1.29
2.20 1.78 2.16 1.78 1.45
2.08 1.58 1.99 1.54 1.37
1.66 1.33 2.03 1.41 1.74
2.12 2.03 1.66 1.58 1.37
1.54 1.74 1.66 1.78 1.33
1.54 1.78 1.45 1.70 1.91
1.74 1.37 1.58 1.41 1.45
1,70 1.87 2.12 1.62 1.99
1.58 1.83 2.08 1.66 2.24
2.20 1.87 1.66 1.66 1.74
1.83 1.66 1.91 1.54 1.33
1.58 1.74 1.33 1.74 1.66
1.78 1.68 1.65 1.70 1.71
—• i 6 B
Data Sunparised in gable XHr























a 63 0.89 0.85
1.06 1.10 0.83
a 77 0.83 1.20
1.16 1.25 0.79




a 98 a 99 1.09
•» 169 ~
Data Summarised on pp. 85 and 86
Effect of Plasma. De:ctran and. P.V.P. Solutions on the
























Data SuEsnariseti in Table XV
Effect of Streptokinase on the gensile Strea?rth of Plain
Catgut Sise 3/0
Saline Saline + SK Plasma
.
Plasma + SK
a 54 0.95 1.66 1.26
0.79 a 87 1.35 1.89
0.27 0.58 1.62 1.81
1.12 0.44 1.41 1.64
1.06 0.79 1.64 1.66
a 90 • 0.95 1.51 1.59
a 56 0.95 1.68 1.43
a 56 a 71 a 64 1.87
a 33 0.68 1.68 1.78
I
1.10 0.99 1.45 1.87
a46 0.58 1.74 1.87
a 52 0.75 1.53 1.37
0.12 0.93 1.51 1.51
0.91 a 87 1.53 1.51




0.87 0.75 1.30 1.93
1,45 0.89 1.37 1.87
0.89 0.52 1.24 1.16
0.75 0.75 1.37 1.20
a 79 a 75 1.46 1.63
- 171 -
Data Siaaaarised In. Sable XVX
Effect of Evalmx>rddase on I1ensile strength of Plain
Cat/rut Size 3/0















a 91 1.39 1.85
1.33 1.23 1.60
1.25 1.17 1.54
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